INTRODUCTION Background
Globally, acute lower respiratory infections (ALRIs) are a major cause of childhood morbidity and mortality. 1 Respiratory syncytial virus (RSV) continues to be the major viral cause of hospitalisation for childhood ALRIs. Studies have reported young age, premature birth, male sex, children with bronchopulmonary dysplasia (BPD), birth during the RSV season, day care attendance and household crowding as some of the significant risk factors for severe RSV disease in children. [2] [3] [4] [5] [6] While several studies have looked into the risk factors associated with severe childhood RSV-ALRIs, most have not examined the risk factors at a whole-of-population level over an
Strengths and limitations of this study
▪ This was a large retrospective cohort study comprising of whole-of-population of children aged <2 years born in New South Wales (NSW) between 2001-2010, which enabled investigation of important risk factors associated with respiratory syncytial virus (RSV) hospitalisation among specific subgroups of children including Indigenous children, high-risk children and standard risk children. ▪ To the best of our knowledge, this study, for the first time, provided estimation of population attributable risk associated with risk factors for RSV hospitalisation, which may help policymakers in prioritising areas for public health interventions. ▪ The study used routinely collected data, and lacked information relating to a few risk factors for RSV hospitalisation. However, several surrogate variables were constructed to better capture this missing information. ▪ The study also relied on RSV coded hospitalisation, as RSV is not routinely tested in NSW, which may have led to underestimation of RSV-related hospitalisation.
extended time frame. 3-5 7 Many studies have only focused on risk factors within specific high-risk populations of interest individually, such as preterm children, children with BPD or native American children, 3-5 8-10 and are therefore limited for comparing the importance of risk factors of children at high-risk with those of standard risk children. Furthermore, data on risk factors from Australian children are limited. A case-control study from Townsville, Queensland, in a sample of 271 children aged <3 years, showed that birth weight <2500 g, maternal parity and marital status were independent predictors for RSV hospitalisation. 11 However, this information does not provide subgroup-specific risk factors.
11
Objectives In our previous study on a cohort of children born in New South Wales (NSW), Australia, we demonstrated that the burden of RSV hospitalisation was exceptionally high among Indigenous children and among children who were born preterm or with BPD. 12 The rate/1000 child-years associated with RSV hospitalisation for this cohort of children aged <5 years was 11.0 for Indigenous children, 81.5 for children with BPD, 10.2 for preterm children with gestational age (GA) 32-36 weeks, 27.0 for children with GA 28-31 weeks, 39.0 for children with GA <28 weeks and 4.9 for all other children. Each episode of RSV hospitalisation was associated with a mean cost of $A9190 for Indigenous children, $A12 731 for children with BPD and $A9354 for preterm children. 12 For this study, our objective was to identify those risk factors-for the same cohort-that were similar in different subgroups of children with high rates of RSV hospitalisation and in the general population, which may help in making policy decisions regarding investing in interventions to reduce the disease burden across all groups of children. In addition, we also estimated the population-attributable risk (PAR) associated with the comparable risk factors that may be targeted for public health interventions. While assessment of risk factors for a specific population of interest provides information for developing targeted intervention, it is limited in the sense that it does not provide information regarding the potential impact on the disease burden by removing a specific set of risk factors. PAR gives an estimate of the amount of disease that can be reduced by eliminating the risk factor/s of interest and measures the proportion of cases that can be attributed to a given risk factor at the population level.
METHODS

Study design
The study was a retrospective cohort analysis involving analyses of population-based linked administrative data. The Centre for Health Record Linkage (http://www. cherel.org.au) in NSW conducts linkage of various administrative health data sets for the purpose of research. The linkage process has been described in detail previously. 12 
Study site
The study was conducted in NSW, and comprised all children who were born in NSW from 1 January 2001 to 31 December 2010. The cohort was identified from the NSW Perinatal Data Collection (PDC), which registers all births in NSW. This data set also provided information on maternal, perinatal and sociodemographic risk factors. The Admitted Patient Data Collection (APDC) provided information regarding all RSV hospitalisations in the study birth cohort. Children born with BPD and born at gestational age <31 weeks requiring NICU admission were identified from the Neonatal Intensive Care Units' (NICUS) Data Collection.
Study participants
As our previous analyses from this cohort and other studies suggest that the rate of RSV hospitalisation decreased markedly after age 2 years, 12 13 we only included children up to age 2 years in this analysis. Each child was followed from birth until he or she turned 2 years old, or until the end of the follow-up period (31 December 2010), or death, whichever was earlier. In addition, based on findings from our previous analyses, 12 we divided the cohort into three subgroups: 1. Indigenous children: children of mothers whose Indigenous status was recorded as Aboriginal and/or Torres Strait Islander in any of the data sets were considered to be Indigenous, including any born preterm, or born with low birth weight or with BPD. 2. Non-Indigenous high-risk children: non-Indigenous children who (i) were born preterm (GA <37 weeks), (ii) were born at term with a birth weight of <2500 g or (iii) had BPD. 3. Non-Indigenous standard risk children: all other non-Indigenous term children.
Variables
Exposure variables
Maternal risk factors included were age at birth of the cohort child, smoking status during pregnancy (yes/no), multiparity (previous pregnancies lasting >20 weeks or first birth used as a surrogate measure for having elder siblings at home; yes/no) and index of socioeconomic disadvantage of the mother's residential postcode at birth. We also included child factors: sex, plurality of birth (multiple birth or singleton; yes/no), mode of delivery (normal vaginal delivery; yes/no), need for oxygen supplementation at birth (yes/no) and birth during the first half of RSV season (yes/no, born between 1 April and 30 June or not, as the RSV season in NSW is generally between April and September).
Outcome variable
The outcome variable of interest was any episode of RSV-coded hospitalisation in the cohort child in the first 2 years of life. The International Classification of Diseases, 10th edition (ICD-10), primary diagnostic codes were used to identify RSV hospitalisations. All hospitalisations coded as RSV pneumonia ( J12.1), acute RSV bronchitis ( J20.5) and acute RSV bronchiolitis ( J21.0) were included as RSV hospitalisations.
Data sources
The data relating to the exposure variables were retrieved from the PDC. The corresponding hospitalisation history/outcome variable for each cohort child identified in the PDC was collected from the linked APDC. Socioeconomic disadvantage was measured using the SEIFA (Socioeconomic index of areas) Indices of Relative Socioeconomic Advantage and Disadvantage (IRSAD) from the Australian Bureau of Statistics. 14 
Bias
This was a large whole-of-population-based study with minimum selection bias. We used only RSV-coded hospitalisations and not laboratory confirmed RSV hospitalisation, which may have led to underestimation of number of events. RSV is not routinely tested in NSW, which does not allow estimation of laboratory confirmed RSV-associated hospitalisation at a population level. Furthermore, our previous analysis from this cohort 12 has shown that all the RSV-coded hospitalisations were recorded during the RSV season, so it is likely that we captured the majority of episodes of RSV hospitalisations in this cohort.
Study size
This was a whole-of-population study including all children born in NSW between 2001 and 2010, so we did not perform any sample size calculation for our study.
Quantitative variables
Maternal age at birth of the cohort child was divided into five age groups including age <20 years, 20-24 years, 25-29 years, 30-34 years and ≥35 years, where age group 25-29 years was considered as the referent group. IRSAD was divided into quintiles from least to most advantaged, where level one was most disadvantaged (referent group) and level five was most advantaged. 14 
Statistical analyses Assessment of risk factors
This was a cohort study where children were followed from birth, and the association between RSV hospitalisation and various risk factors was determined using hazard analyses taking the age of the child at hospitalisation as the relevant time to event. As we had data for the whole population, followed over time, hazard analysis was chosen as the preferred method for statistical analysis. 15 Univariate analyses of each of the exposure variables were undertaken after checking whether proportional hazard assumptions were valid. Only variables with a p value of ≤0.2 were included in the full multivariable model. We used backward elimination retaining only variables with p value <0.05 in the final model. Separate models were constructed for each of the predefined subgroup of children. In the adjusted model, we also explored for two-way interactions between significant variables, using a likelihood ratio test. Explanatory variables with missing data were Indigenous status of the mother, maternal age at birth of the child, maternal smoking during pregnancy, plural birth and socioeconomic disadvantage of the area of residence. Oof 1 264 943 observations, there were 7432 (0.5%) observations with one or more variables missing, these were excluded from the final analyses.
Estimation of PARs
We estimated adjusted PARs, which refer to the reduction of disease if all the significant risk factors are eliminated. However, as all risk factors, such as sex of the child or plural birth, can neither be eliminated nor controlled, we also estimated the partial PAR, which measured the PAR for the risk factors associated with RSV hospitalisation that can be targeted for public health interventions after adjusting for other variables. 16 PARs for each risk factor and their 95% CIs were estimated from the adjusted HR and the observed prevalence of the risk factor in the study cohort, using a user-friendly publicly available SAS macro (http://www.hsph.harvard. edu/faculty/spiegelman/par.html).
RESULTS
Profile of the cohort
The cohort comprised of 866 262 children, 2295 (0.3%) of whom died while hospitalised during the follow-up period. Almost one-quarter of the mothers of the children of Indigenous origin were aged <25 years compared to around 18% in the high-risk and 16% in the standard risk groups. A total of 51% of mothers of Indigenous children, 20% of high-risk children and 12% of standard risk children smoked during pregnancy (table 1) .
Risk factors for RSV hospitalisation
In the adjusted multivariable model (table 2) , there were four factors associated with increased risk of RSV hospitalisation across all subgroups of children: maternal smoking during pregnancy, multiparity of the mother, being a male child and being born during the first half of the RSV season. Among high-risk and standard risk non-Indigenous children, the hazard was approximately double for children born to multiparous women and among Indigenous children the hazard was approximately double among those who were born during the first half of the RSV season compared with those who were not. Maternal smoking during pregnancy was associated with a 26-45% increased risk of RSV-hospitalisations.
Increasing socioeconomic advantage was associated with lower risk of RSV hospitalisation across the three subgroups of children. For high-risk and standard risk non-Indigenous children, each unit increase in IRSAD quintile (compared to the most disadvantaged group) was associated with a 10-30% decrease in risk of hospitalisation. Compared to Indigenous children in the most disadvantaged group, the risk for Indigenous children in the second and third quintile decreased by 25%, but was not significantly different between the most disadvantaged and most advantaged groups.
Non-Indigenous high-risk and standard risk children born to mothers aged >29 years had a 10-30% lower risk of RSV hospitalisation compared to those born to mothers aged 25-29 years; the risk increased in these groups of children born to mothers aged <20 years compared to those aged 25-29 years. The risk of RSV hospitalisation among Indigenous children did not vary significantly by maternal age at birth (table 2) .
In the adjusted model, we investigated interactions between children born during the first half of the RSV season, and multiparity. Among non-Indigenous standard risk children, the relative hazard associated with birth during the first half of the RSV season compared to at other times was higher for children born to multiparous women than for those who were firstborn or for those who were not born during the first half of the RSV season (table 2) .
Population attributable risk
The adjusted PAR associated with all significant risk factors among Indigenous, non-Indigenous high-risk and standard risk children were 62% (95% CI 56% to 67%), 70% (95% CI 56% to 81%) and 90% (95% CI 87% to 92%), respectively (table 3).
DISCUSSION
Our study provides comprehensive population level data from an Australian cohort on risk factors for RSV hospitalisation across different subgroups of children at highrisk. This study identified five major risk factors common to all the groups of children including maternal smoking during pregnancy, multiparity of the mother, male sex of the child, birth during the first half of the RSV season and low relative socioeconomic disadvantage. These risk factors have been shown to be important in other populations as well. 2 3 Though there are specific alleles in genes associated with innate immunity that are associated with severe RSV disease in different subgroups, 18 the findings of our study suggest that certain risk factors associated with severe RSV diseases are similar for all subgroups of children. This also suggests that interventions targeted towards these specific risk factors may be beneficial for all children.
The analysis was based on routinely collected administrative data, so we lacked information regarding some potentially important risk factors such as breastfeeding, household crowding, day care attendance and family history of allergies. 19 However, our study identified various important risk factors and it is unlikely that the other unidentified risk factors would have nullified the association observed in this study. We did not have 1129 (7) 2389 (15) 12 062 (77) NSW, New South Wales; RSV, respiratory syncytial virus.
access to innate factors that may put children at higher risk, nevertheless, the primary objective of the study was to identify comparable risk factors across different subgroups of children, which can be targeted for public health interventions. We used the summary of the socioeconomic disadvantage index of the area of residence of the mother and had no individual level information on parental education nor on household income; information that may have provided a more accurate measure of socioeconomic disadvantage. As there is no routine testing of RSV performed in NSW, it was not possible for us to confirm the RSV coded hospitalisations, which might have led to underestimation. Maternal smoking, which is a directly modifiable factor, was one of the most important risk factors associated with an increased risk of RSV hospitalisation in our cohort. Although we did not have data on household exposure to smoke and maternal smoking after pregnancy-which might have confounded the impact of maternal smoking during pregnancy-the evidence for passive exposure to smoking and maternal smoking in general is not universally established. 2 On the other hand, maternal smoking during pregnancy has been identified as a significant risk factor for RSV hospitalisation in a number of studies. 3 4 It is believed that maternal smoking during pregnancy alters the lung morphology of the fetus in utero, leading to reduced lung function in infants, 20 with a subsequent increase in risk of developing severe RSV disease. The prevalence of maternal smoking during pregnancy was particularly high (51%) among Indigenous mothers, which is known to be a major contributing factor to disparities in health and well-being. The prevalence was also unacceptably high (12-20%) for mothers in other groups, given the known deleterious effect of maternal smoking on the child's respiratory health. 21 We estimated that eliminating maternal smoking during pregnancy could reduce RSV hospitalisation by 7-25%, a reduction that would yield greatest benefit for Indigenous children. The success of public health interventions promoting cessation of maternal smoking during pregnancy will, however, be dependent on persistence of cessation beyond the pregnancy period.
The cohort children born during the first half of the RSV season were at significantly higher risk of RSV hospitalisation. Our previous analyses of this cohort have shown that the rate of RSV hospitalisation was highest for children aged <6 months. 12 This has been a consistent finding for RSV hospitalisation. 2 7 A possible explanation is that infants born during the first half of the RSV season are likely to have greater exposure to circulating RSV at an age when they are most vulnerable. These children might also be born with reduced levels of maternal anti-RSV antibody compared to the levels in children born after the RSV season. 2 22 Children born to multiparous women also had higher risk of RSV hospitalisation compared with those born to primiparous women; this is presumably because multiparity is a strong surrogate for having one or more older children at home. Other studies have suggested that having day-care centre/school going siblings 2 5 23 24 or having more children at home 8 is associated with severe disease. The increased risk of young children with older siblings is most likely related to greater exposure to high viral loads resulting from enhanced interpersonal transmission. 2 The findings imply that preventive measures targeted towards children who have older siblings at home may help in lowering the disease burden. Indeed, research findings suggest that promoting hand hygiene in homes with young children can reduce withinhousehold transmission of respiratory illness. 25 Though the risk of RSV hospitalisation decreased with increasing levels of socioeconomic advantage compared with most disadvantaged group for standard-risk and high-risk children, the risk did not vary for Indigenous children in the fourth and fifth quintile compared to that of the least disadvantaged quintile. One possible explanation is that only 24% of the Indigenous children were in the highest two quintiles and the greatest burden of the disease was in the lowest three quintiles. In addition, increasing maternal age did not decrease the risk of RSV hospitalisation in Indigenous children. The interplay of sociodemographic factors in the Indigenous population is much more complex. Younger Indigenous mothers are more likely to represent the lowest quintile of the SEIFA index and, regardless of maternal age and socioeconomic index, other factors of social inequalities prevalent in the Indigenous population including inadequate and inequitable literacy rate and limited access to healthcare 26 may confound the effect of maternal age on RSV hospitalisation in this group of children.
The findings of the study have several important policy implications. Although there is no effective vaccine against RSV yet available, palivizumab, a humanised prophylactic antibody, can significantly reduce the burden of severe disease in high-risk children. 27 28 As our previous analyses have shown that Indigenous children and high-risk children are likely to be hospitalised more frequently due to RSV, 12 those children who are aged <6 months during the RSV season or who have older siblings at home may be considered for prophylactic administration of palivizumab. When an effective RSV vaccine becomes available, passive immunisation for all children aged <6 months through maternal immunisation may protect the very young children through the first RSV season. In the mean time, efforts to reduce RSV disease burden will be dependent on promoting hand hygiene among young children, to reduce withinhousehold transmission, and also on avoidance of maternal smoking during pregnancy. 
